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HISTORICAL INTRODUCTION

Very few fossil plants have ever presented a more distinctive anatomy or more
challenging problems than the Cretaceous Tempsykas. It is perhaps well to point
out in these first few lines that we do not pretend to have arrived at a final ac-
counting of all the existing gaps in our knowledge of these ferns. However, cer-
tain significant facts have been discovered concerning their habit and the plants
associated with them in life which will stand unchallenged, while our interpreta-
tions may raise doubts or be modified by future investigations. It is intended that
this should be taken as simply another chapter in our growing knowledge of the
Tempskyas.

Through a most fortuitous circumstance that has been described elsewhere
(Andrews, '47) 1 was able to comb certain of the hills in southeastern Idaho® in

'This study was aided by a grant from the Penrose Fund of the American Philosophical Society.

“Collecting activities were carried on by the senior author and certain persons in Idaho whose
names are given in the Acknowledgments and elsewhere in this paper.

(119)
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the early summer of 1942 under the guidance of Mr. W. A. Peters of Jerome,
Idaho, chiefly in search of petrified trunks referred to the genus Tempskya. In a
technical paper it may seem out of order to dwell on an introduction to the subject
at hand, yet there are so many details of botanical, historical, as well as general
human interest, attached to this group of plants that we believe they should be
recorded for the benefit of those who may continue with studies of this and other
plant groups in Idaho.

In the summer of 1939 I was presented with a small fragment of a Tempskya
which had been collected in a gravel pile near the Haddenham fossil shop at Fossil,
Wyoming. At that time even a fragment seemed like a treasure—it meant material
for class study, but, of greater importance, it meant that Tempskyas should be
found in much more abundance near by. In later years we traced the probable
origin of that fragment to an Upper Cretaceous horizon running north and south a

few miles to the east of Kemmerer, Wyoming. It was not, however, until an abun-
dance of large, well-preserved specimens were found in the adjoining Idaho hills
that we became fully aware of the importance of these plants in the Cretaceous
vegetation.

Through an intimate knowledge of their countryside, a number of local col-
lectors have enabled us to acquire a considerable quantity of specimens. The vig-
orous collecting activities of Mr. C. Henry Thomas, of Wayan, Idaho, and Mr. E.
Manion, of Firth, should be noted in particular. Among the numerous westerners
whose acquaintances have enriched my life and laboratory the name of Henry
Thomas should be recorded as a great collector and a Tempskya specialist. In his
assiduous search for these fossils he may be compared only with Wieland, who
collected cycads in the Black Hills, or the early bone hunters such as Sternberg or
Hatcher. It is a comparison on a smaller scale and of a somewhat more specialized
nature, but the pioneering spirit and prodigious productivity differ but lictle.

My first contact with Mr. Thomas was in 1942, when he still occupied his
former ranch on the Williamsburg bench area. I was not prepared to lunch in these
rather remote though beautiful hills with a rancher whose cabin was lined with
hundreds of books. While lacking the literary capacities of a Thoreau it was soon
evident that here was a man who understood and appreciated the world he lived
in. At the rear of Mr. Thomas’s cabin a wooden platform already displayed scores
of fine Tempskyas collected mostly within a radius of a few hundred yards. En-
couraged by Dr. Roland W. Brown and myself, Mr. Thomas set to work scouring
the near-by hills with increased interest and enthusiasm, with the result that the
collection has been increased manyfold, consisting now of some few tons of fine
specimens, in all probability far more than in all other collections combined
(fig. 2). Believing that the Tempskyas are destined to occupy an important niche
in Cretaceous floras, I requested Mr. Thomas to write in his own words a few lines
pertaining to his discovery of the fossils in this region. This has been included in
the Appendix for such historical interest as it may have for future paleobotanists.
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THE PRESENT STATUS OF OUR KNOWLEDGE OF TEMPSKYA

Although petrified trunks belonging to the genus Tempskya were discovered
well over a century ago in Europe, the first really informative accounts of these
plants were those given by Kidston and Gwynne-Vaughan in 1911, and Seward in
1924. More recently Read and Brown (’37) and Read (’39) have given us much
more comprehensive treatments. A detailed review of previous contributions is
included in their account and will be repeated here only in so far as is necessary
to orient the reader and to compare our findings and concepts with those of
previous workers.

[t is especially important to note that prior to Read and Brown’s important
work all descriptions had been based on either very poorly preserved specimens or
a few fragmentary ones. The only possible exception to this statement is Seward’s
description of Tempskya Knowltoni from the Colorado shale of Montana. A de-
tailed consideration of that specimen will be taken up later. This historical aspect
of the subject is particularly significant in the case of Tempskya for its anatomy
1s so peculiar as to lead to highly erroneous conclusions concerning the habit of the
plant unless adequate material is available for study.

Six species of Tempskya have now been described from North America. These
include a specimen from Maryland described by Berry in 1911. According to
more recent workers this was very poorly preserved and is of little interest or
importance other than as a geographical record for the genus. Later Seward de-
scribed his T. Knowltoni from Montana, and in 1937 Read and Brown described
two more species and recorded specimens from a considerable number of localities
in Wyoming, Idaho, Utah, Montana, and Oregon. Most recently Arnold (’45)
has described two more species, Tempskya Wesselii and T. wyomingensis, from
Montana and Oregon, and Wyoming, respectively. Combined with the previous
European reports which record specimens from Russia, Bohemia, and England, the
wide distribution of these plants in Upper Cretaceous times is well established.

We should like to emphasize that our own studies have not been primarily of
a taxonomic nature. We are inclined to doubt that certain of the better-known
American species are sufficiently distinct to warrant the specific names that they
bear but with this phase of the Tempskya story we have no quarrel or primary in-
terest. When dealing with anatomical characters it is not always possible to
arrive at entirely satisfactory criteria for the segregation of species. In the rather
large quantity of material that we have had available for study there is consider-
able variation in the gross form of the trunks, but with the exception of a very
few specimens it has seemed most feasible to assign all of these to one species. Our
efforts have been directed primarily toward arriving at a clearer concept of the
general habit of the plants, their ontogenetic development and physiology. In
pursuing this course we have perhaps tended to put less emphasis than previous
workers on the segregation of species. However, in view of the undeniably close
relationship of the species of Tempskya we do not feel that our approach has
materially slighted a sound taxonomic treatment. While we have sectioned many
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specimens through a wide variety of size and shape, a great many others, par-
ticularly the larger ones in the Thomas collection, have not been available for this
purpose. We believe that we have studied in cellular detail an adequate number of
representative specimens, and from scores of others we have drawn information
concerning the habit of the plants. There is obviously some practical limit to the
number of specimens that can be handled, and with some field experience with the
Tempskyas one may select representative material with a minimum danger of
missing essential details.

A typical transverse section of a Tempskya trunk reveals a most unique
anatomy. It consists of numerous, small, siphonostelic stems held firmly together
in a dense matrix of diarch roots (figs. 24, 28). Taken individually, the anatomy
of a single stem is not unlike that of a modern maidenhair fern (figs. 20, 21, 22),
such as Adiantum pedatum, while leaf traces are given off in two rows toward the
nearest external point of the trunk (text-fig. 2). This unit aggregation of many
branching stems with their petioles and roots has been called a “false-stem™ by
previous writers. It is, we feel, a superfluous term as well as somewhat misleading.
If a special term must be used it would be more appropriate to call it a “super-
stem,” and while an adequately descriptive phrase would be cumbersome, we have
preferred to use the term frumk as one that involves no new creation and can
hardly be misinterpreted.

In order to define clearly the objectives in our own study it may be most ex-
pedient to note the chief gaps in our knowledge of these fossils. Sufficiently large
collections had not been available for study to settle many of the concepts con-
cerning the habit of the trunk—whether it was creeping, ascending, or upright.
Read (’39) has discussed this in some detail in an interesting and critical paper.
The ontogeny of the trunks, their unique physiological set-ups, and the manner
in which the foliage was borne present problems that have been but partally
explained. It is to these categories that we have been especially drawn. Further-
more, previous work on Tempskya has offered but little evidence of the kinds of
plants that were associated with them in life. We have been fortunate in finding
in the Wayan, Idaho, district the fossil wood of a conifer, 2 dicotyledon, as well
as a cycad specimen with the silicified fern trunks.

THE LOCALITIES, AGE AND AREA

The greater part of the Tempskya specimens in our collection and all of those
in the Thomas collection were obtained from an area of a few square miles im-
mediately east of the Wayan post-office. In order to show this area precisely we
have reproduced in text-fig. 1 the northeast corner of the United States Geological
Survey’s topographic map of the Lanes Creek quadrangle. Although the silicified
trunks have been gathered over the greater part of this territory the most produc-
tive areas are shown within the dotted lines. Most of the collecting that has been
done has been simply a matter of exploring the surface of the hillsides and small
stream beds. Excellent material is obtained in this way, and in most cases the
specimens show no evidence of long transport either before or after fossilization.
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Text-fig. 1. The northeast corner of the Lanes Creek Quadrangle, Idaho, showing, in heavy dotted lines, the areas from which most of the
Tempskya specimens have been collected in this region. Reproduced by permission of the United States Geological Survey.
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During a week’s collecting in the autumn of 1945 two days were spent ex-
cavating in section 27 in the bank of a draw from which Mr. Thomas had previ-
ously obtained some exceptionally fine material. Many of his largest and most
complete trunks were obtained from a pit at this location. In the course of about
three hours’ digging one may expect to take out as many hundred pounds of speci-
mens. However, with the exception of one other pit, very little digging has been
attempted in this area. It seems likely that large quantities of the fossils remain
underground.

This topographical area falls within the bounds of the Wayan formation al-
though the exact position of the latter within the Cretaceous is still uncertain.
The most detailed stratigraphical account of the region is that of Mansfield (’27)
in which it is noted that “Definite correlation of the Wayan formation is impos-
sible at present.”” In a chart showing the geographical distribution and strati-
graphical correlation of Tempskya deposits in the United States, Read and Brown
have tentatively placed the Wayan formation near the base of the Upper
Cretaceous.

In 1942 Mr. E. Manion, of Firth, Idaho, kindly guided a small party of us to
a hillside approximately 25 miles east of Ammon. The exact position of this
locality 1s: NW4 sec. 5, T. 2N, R. 41E, Hell Creek quadrangle, Idaho. Speci-
mens have been found here in some abundance although the area is limited to a few
acres in extent. The locality was revisited in 1946 and a dozen small specimens
obtained. On that occasion we continued our search in the surrounding hills with-
in a radius of two or three miles but found no other fossils. It is to be wondered
that any one should have ever happened on this small outcrop, yet we feel that
there must be many more in the vast extent of the Cretaceous beds that go far to
the south. This locality lies approximately 35 miles northwest of Wayan and in
all probability represents an extension of the same Tem pskya-bearing beds. Speci-
mens obtained here are generally well preserved although they do not differ
anatomically from those collected near Wayan. This will be referred to as the
“Ammon locality” in future references in this paper.

In Wyoming, shortly to the east, Tempskya is found in the Aspen shale and
the Thermopolis shale, both of lower Upper Cretaceous age. Tem pskya Knowlton:
from Montana was found in the Colorado shale which extends into the middle
Upper Cretaceous, while Berry’s T. Whitei was derived from the Patapsco forma-
tion in Maryland, of upper Lower Cretaceous age. T. Wesselii (Arnold, ’45) is
reported from the Kootenai formation northwest of Great Falls, Montana (as well
as a placer outwash at Greenhorn, Oregon). There is a possibility that the Mon-
tana specimens may have weathered out of the overlying Colorado group (Arnold,
'45, p. 26). T. wyomingensis was found twenty miles northeast of Greybull,
Wyoming. Arnold notes that “Fragments of Tempskya are widely scattered
within the valley of Beaver Creek and its tributaries, but they are nowhere
abundant. They have been found only where the Morrison formation is exposed
and are associated with enormous numbers of dinosaur bone fragments and
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gastroliths;”.
It is thus clear that the Tempskyas ranged from the upper part of the Lower
Cretaceous through middle Upper Cretaceous times.

SIZE AND FORM OF THE TRUNKS

With only one or two exceptions all the Tem pskya specimens that we have ex-
amined from the Wayan and Ammon localities compare most closely with
T'empskya Wesselii Arnold. Although the following discussion is based on this
species unless otherwise noted, the views that are expressed concerning its habit,
ontogeny, and physiology are probably generally applicable to the genus as a whole.

Some concept of the size that the Tempskyas attained was known as early as
1836 from Fitton’s description of a trunk 9 feet long and 12 x 4 inches in
diameter, found in the southeast of England (Stopes, ’15, p. 14). Much more
recently Read has reported trunks up to 10 inches in diameter. The largest speci-
men in the Thomas collection, and so far as we are aware the largest yet reported,
is 16 inches in diameter. Other fragmentary specimens, which do not constitute
complete transverse sections, indicate trunks of even larger size, so that a maximum
of 18 or 20 inches in diameter seems very likely. It is thus clear that these were
plants of no mean magnitude, although the evidence indicates that they did not
attain a great height.

As a matter of convenience we shall consider the hundreds of specimens in
the Thomas collection in three categories: basal specimens, tips, and intermediate
portions which will be called discs. This latter term will apply to any specimen
that is complete in transverse section but may be quite variable in length.

The bases.—One of the chief objectives of the 1945 trip to Wayan was to
obtain basal portions of the trunks in order to shed further light on their general
habit; that is, whether they were ascending or upright. Fortunately some fine
specimens were collected in the field and others located in the Thomas collection.
In all cases the specimens which we have interpreted as being the basal portions
flare outward slightly at the very bottom (figs. 3, 5, 7), present a characteristic
knobby lower surface, and are composed exclusively of roots. It is apparent, as
Read and Brown have pointed out, that the stems in the older, basal portions of
the trunks decayed completely, their place being taken by roots. A more detailed
discussion of the anatomical details will be given later.

The basal periphery and under surface of these stumps are distinctive. The
former is characterized by slightly buttressed, rounded projections and the latter
by slightly raised knobs and cavities, or in a few instances by one large shallow
cavity. The general uniformity of these specimens would seem to support the
view that they represent the original stump portion of the trunk and not simply a
broken sector taken from some higher level. It is pertinent to add, therefore, that
they are all upright, indicating perfectly erect trunks.

One cannot be certain whether the roots extended out uniformly in all direc-
tions or whether they tended to aggregate into more massive “compound roots.”
The knobby character of the extreme base may point to the latter explanation
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Text-fig. 2. A diagrammatic drawing of a transverse section of specimen T38 (peel 14)
showing the distribution of the stems and the position of the xylem of stele and petiole traces. It
may be noted that stem branchings are numerous and the trunk is radially symmetrical with respect
to departure of the traces. Natural size.
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although this is offered only as a suggestion. An objection may be raised that
these small almost microscopic roots (pls. 20, 21, 24) could not have adequately
anchored such a massive trunk. When it is considered, however, that they probably
radiated out by the tens of thousands, that at some points they may have been ag-
gregated to form compound roots, and that the individual roots possess an extremely
stout sclerotic cortex (fig. 19, etc.), there can be no doubt that their supporting
capacity was very great. Another objection may be raised that this knobby sur-
face is an erosion artifact caused either before or after fossilization. However, the
sides and upper surface of these specimens show no such effect, and the stumps
always flare outward slightly at the extreme bottom, as might be expected.

The disc specimens.—The specimens that we have interpreted as being basal
and terminal portions of trunks are considerably in the minority, which indicates
that the plants did attain a height of at least some few feet.

If the cross-sectional form of these disc specimens could be depended upon as
a specific taxonomic character the number of species represented would be very
nearly endless. Different specimens vary from circular, to broadly elliptical, to
strongly flattened in transverse section (figs. 10, 24, 25); and one specimen was
found in which the trunk is crescent-shaped (fig. 9). Since we have not been
able to observe any correlation between these variations in form and the internal
structure of the trunks, such variations would seem to be of no taxonomic sig-
nificance. It is possible that the variously flattened specimens have resulted from
crushing caused by overlying sediments prior to silicification. A more detailed
anatomical consideration bearing on this problem will be given on a later page.

The size and form variation of some specimens in the Thomas collection is
recorded in Table I, this information having been compiled chiefly with the view
of arriving at some concept of the height that these plants attained. In compiling
these data a representative selection of specimens has been taken, all of which were
complete in transverse section. Many more might have been added to the list, but
in general they would have affected only the quantitative aspect of the table.

Since none of the specimens represents a complete trunk we cannot arrive at an
exact figure for the height of a plant in life; however, from many observations of
their diameters and the rate of tapering we may calculate a reasonably dependable
minimum. In the cases of the base and disc specimens we have recorded the
diameters at both ends in order to indicate the rate of taper. Of the terminal
trunk specimens only the basal diameter can, of course, be given.

An examination of these figures for the trunk (disc) specimens will show that
none of them taper abruptly from one end to the other. Such tapering is found
only in the undoubted terminal specimens. The longest one that we have ob-
served is in the Manion collection (specimen A), from the Ammon locality, and
through its length of 21 inches it displays no tapering. The same holds true in a
general way for the basal specimens, which flare slightly at the extreme base but
otherwise give no evidence that the trunks were very short (figs. 3 and 7).
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MEASUREMENTS OF A REPRESENTATIVE COLLECTION OF TEMPSKYA SPECIMENS
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Specimen number®

Nature of speciment

Diameter (s) in inches

O —

Length in inches

9 Tr 9. x 6.5% 12.3
1R X
11 Tr 9.3x 6 1}
10. xZ.
19 Tr 1. x 10.3% ' 11,
21 Tr 12.3 x 10.5 6.
26 Tr 4.7 x 2.5 11.
5. XN b
3l 1r 14. x 4.7 13,
32 Tr 8.5 x 6.5 10,
R B
33 iy 10.5 x . 13.
38 Tr 5.5 x 3.7 6.
39 P % . 5: 1.7 7
B3 A
40 Tr 7« X5. 7.
8. X355
42 Tt 1%.'£7.9 6.
45 Tr 8.79 . 11,
46 Tr 6.5 X 6. q 10,
47 Tr 5 R.x H F
= s Pt 4% W
48 Tr 9.3 x 5.3 9.
AN e T
51 Tr. (near base) 14. 10.
16,
A (Manion coll.) Tr | 9, 21.5
W. U. (T216) Tr | 6. x 4.5 16.
Ve X595
6 | B | 7. 8.
7.5
10 B 8. x5S5.5 9,
9. X7,
13 B L3 . x 7 9.
1232 7.
22 B 15.7 x 13. | 8.
25 B 8.7 x 9.7 ' 7.
9. x 10.
i4 B 9.5 x 4. £
9. x 6.
41 B 97 573 10.
- B.7 X ~.3
43 B 9.9 9.
__ll.
44 B 13, X 1.2‘ 12.
49 B . k43 7.
- Tod B.%:%
.23 Ti 8.5 x 13.99 | Ts
24 1% ~ 10. x4.5 r &
W.U. (T47) S [ 6. X 3.7 8.5
W. U. (T230) Ti 6. X 3.5 12.

M

" Specimen numbers refer to the author’s field notes, all measurements being taken from specimens
in the Thomas collection unless otherwise indicated. +Tr—trunk (disc); B—base; Ti—tip.
FA slightly elliptical specimen, the figures in the upper and lower lines being for the top and

bottom diameters respectively.
diameters being the same.

99In the case of tip specimens this refers to the diameter at the base.

¥¥No appreciable taper of the specimen, the top and bottom
§No appreciable taper, and the specimen is cylindrical or nearly so.
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In this respect it is necessary to consider the internal structure of the trunks.
The densely compacted stems and roots that make up the trunks must have had in
life the consistency of a very tough strand of rope. In texture it probably was not
unlike an Osmunda rhizome with its vast coat of petioles and roots. In the
Tem pskya trunks, however, there were many stems and the whole aggregation was
bound together very tightly. Thus while the trunks must have been very tough
they were probably not extremely rigid. The thousands of roots created a closely
interwoven unit; yet, lacking an interspersed ground tissue, such a height as is
attained by a coconut or royal palm would seem to be improbable. One other
pertinent point may, however, be mentioned here. Unlike other unbranched,
columnar trees such as living palms, tree ferns, and cycads, Tempskya bore very
small fronds, as is evidenced by the relatively minute size of the petioles, and we
shall offer evidence that these were borne not merely in a crown at the top but for
a considerable distance down the trunk as well. Thus, in all probability the
Tempskyas did not have the mechanical problem of a large weight of foliage con-
centrated at the top, a feature which allows for a considerably taller trunk than
might otherwise be expected.

[t may be noted that some of the longest specimens from the Wayan region
(Table I, Nos. 33, 34, T216) display but little tapering from one end to the
other. The nineteen disc specimens considered in the table all have an average
taper of approximately .6 inches per foot. Thus, assuming a uniform taper
throughout, a trunk 10 inches in diameter at the base would taper to a point at a
height of about 16 feet. This is probably in excess of the height actually attained
since, among other factors, the apex of the trunk tapers abruptly to a blunt point
(figs. 26, 27). From the terminal specimens at hand we may suppose, then, that
at a diameter of 3 or 4 inches our trunk terminated, giving a height of about 12
feet. In view of the relative proportion of basal and terminal trunk specimens
along with the discs this figure seems quite reasonable.

The specimen of maximum diameter (#51 in the table) measures 14 and 16
inches at the upper and lower ends, respectively, and is 10 inches long. This had
been exposed for some time prior to collection and is somewhat lichen-encrusted.
No evidence of stems could be observed in the transverse sections, indicating that
the specimen came from near the base of a trunk, although it does not represent
the basal-most portion as both end surfaces are irregularly broken. On the basis
of the estimate givén above for'a trunk 10 inches in diameter it is possible that
this specimen may represent a plant that attained a height of about 19 feet.

Prior to the publication of Read and Brown’s work, accounts of Tempskya
were based on so few, as well as fragmentary, specimens that a satisfactory concept
of the habit of the trunks was not possible. Read has more recently presented a
more detailed discussion (’39) dealing with ““The evolution of habit in Tempskya.”
While certain of his concepts are clear-cut and sound, we are not able to agree in
all respects with his conclusions. Read states, “In short, the writer’s concept of
the growth form of the dorsiventral false stemmed species of Tempskya is an as-
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cending, climbing type of fern with numerous liana adaptations. It is of course
obvious that the very basal portions of the stem were horizontal or oblique. How-
ever it is doubtful if these subterranean portions developed the dense mass of
parallel roots characteristic of the false stem. Rather they must have been
markedly divergent.” (p. 70).

In the hundreds of specimens that we have collected or studied from the Idaho
localities the evidence points toward an upright, self-supporting trunk without
liana adaptations, and we cannot agree that it is “obvious™ that the basal portions
were horizontal or oblique. Our evidence as gained from a study of the external
form of the trunks may be considered first.

[t seems significant that we have encountered only two specimens (one shown
in fig. 8) which show any noticeable longitudinal curvature. Basal specimens give
no evidence of other than upright habit from the start.? Two concepts that seem
to have become indelibly impressed in the minds of those paleobotanists who have
seriously studied the Tempskyas deserve analysis at this point. The first of these is
based on the specimen of Tempskya Knowltoni described from Montana by Seward
in 1924. That specimen is described and figured as being 33.5 cm. long and obcon-
ical in form, the supposed basal end being 1.5 cm. in diameter and the enlarged
apical end 6.5 in diameter. It is certainly apparent that a Tempskya trunk of such
an obconical form would have been mechanically incapable of attaining any appre-

ciable height, and even if it could in such a small specimen as this it must have
been dangerously top-heavy. A very likely flaw, however, in Seward’s interpreta-
tion of this as a complete trunk lies in the anatomy of the specimen. He has indi-
cated (text-fig. 2, page 490) that the trunk is anatomically dorsiventral, that is,
the petioles for the most part pass out toward one side. Read and Brown likewise
higure Tempskya minor as showing predominantly dorsiventral orientation of the
stems composing the trunk. We feel that it is very likely that these authors have
been dealing, in such cases, with portions of much larger trunks in reaching these
conclusions. By sectioning some 70 specimens and preparing peel preparations of
the entire transverse surface we observed the course of the stems and petioles.
These specimens have ranged from 5 to 30 c¢cm. in diameter, and in nearly every
case, whether the trunks were circular or oval in transverse section, the orientation
of the stem-petiole organization with respect to the trunk as a whole is strictly
radial,—that is, the petioles depart toward the nearest outer point of the trunk.
This evidence of radial arrangement is based, furthermore, on trunk specimens
that show no indication of appreciable weathering or fracturing. There can be no
doubt that they represent complete transverse sections, with the exception of the
outermost projecting stem tips and petiole bases. Seward indicates, moreover, that
with his specimen “‘the surface appears to be waterworn.” Evidence from a few
specimens could thus be very misleading, and fragmentary ones must be expected

“In the earliest stages of the sporeling the first formed stem may have been creeping or ascending,
but concerning this no information is available.
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to display this apparent dorsiventrality. Specimens in our own collection, as well
as many in the Thomas collection, would, individually, give this impression if
complete transverse sections were not available for comparison. We do not wish
to criticize Seward’s very excellent anatomical study of the single specimen he had
available, but rather we wish to point out the errors of interpretation that
may readily result from conclusions based on such limited material. The over-all
shape of his specimen also argues most strongly in favor of our view that it is
but a fragment, for in all of the Idaho specimens the basal portions are clearly the
largest in diameter and taper toward the apex. A more detailed consideration of
¢his feature may best be saved for the following section dealing with the ontogeny
of the trunk. (Also see discussion of the living Dicksonia fibrosa on page 145).

Bower has shown (’35, fig. 296, 1930, etc.) that in the ferns the young sporo-
phytes are obconical in form, but it must be remembered that this is most apparent
during the very early stages. Generally, the stelar system soon attains a maximum
diameter as in most of the rhizomatous forms, or increase in diameter is rendered
possible by polystely of one sort or another. The ferns have been remarkably adept
at modifying their primary stelar tissues to make up for a lack of mastery of the
cambium. Such rather divergent structural types as are represented by Psaronius
and Tem pskya illustrate the high state of organization that has been made possible.
In the case of Tempskya we do not know what the very earliest stages in the de-
velopment were like but there can be little doubt that maximum individual stelar
size was soon attained and that stelar divisions started very soon after the sporeling
stage. Perhaps during the first two or three feet of vertical growth the trunks
were obconical, although it is most likely that root development soon counter-
acted this to produce a trunk that generally tapered from the base toward the apex.

The tips.—We have in our own collections three specimens of the terminal
portions of trunks, all of which (figs. 26, 27) taper rather abruptly to a blunt

apex.
THE ONTOGENY OF THE TRUNK AND THE RESTORATION

With the exception of the basal ones, characterized by their anatomical compo-
sition of roots and distinctive external features, all the specimens that we have
examined display, in transverse section, stems scattered quite uniformly through
them, from the extreme periphery to the center. Some specimens show consider-
ably more stems per unit area, which is due, in part at least, to the position of the
section, whether nearer the base or apex of the trunk. One of the most striking
anatomical features is the short life span of the leaves. It is not possible to indicate
precisely how long a frond persisted, but judging from modern ferns, cycads, and
palms it probably was not more than one year. The evidence for this lies in the
fact that petioles are found only in close proximity to the stem from which they
were derived. Thus is would seem that any single stem must have been at the out-
side of the trunk, terminally or laterally, at the time it was bearing active petioles.

Previous workers have assumed that the Tempskya trunks bore a crown of
fronds at the top in a fashion generally comparable with that of a modern tree
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fern or cycad. The only previously figured restoration is that of Kidston and
Gwynne-Vaughan’s which appeared in Stopes (’15) Lower Greensand flora. In
that restoration a ring of stems is shown composing a sort of compound crown
at the top. They are shown branching two or three times, each with a rather
dense cluster of leaves. From our observations, such a supposed habit is quite
contrary to the evidence afforded by the internal structure of the trunks, as well
as the external form of the tip specimens.

The tendency to compare these fossils with modern plants such as tree ferns
and cycads is understandable. However, in Tempskya we are dealing with a dif-
ferent mode of increase in the diameter of the trunk, as well as a highly unique
physiological set-up with regard to photosynthesis and transport of fluids. While
most tree ferns, palms, and cycads bear a crown of relatively few, large leaves the
Tempskyas bore a great many small ones, as is evinced by the minute size of the
petiole (figs. 20, 28). It is evident from the dimensions of the petioles, by com-
parison with those of living ferns, that the fronds must have been very small,
probably little more than a foot long. The physiological problem of light rela-
tionship where numerous relatively very small fronds are aggregated at the top
of the trunk has not previously been given the consideration that we believe
1s necessary for a reasonable concept of the habit. A quantitative comparison with
plants of supposed similar habit will clearly point out the difficulty.

We have measured the trunk and petiole diameters, as well as the number of
leaves in a crown, for some cycads, palms, and a low-growing tree fern that are
cultivated in the Missouri Botanical Garden greenhouses. The data are presented
in Table II, together with those for a few representative specimens of Tem pskya
Wesselii. A comparison of these living columnar-trunked plants, with their
crowns of leaves at the top, with the trunks of Tem pskya reveals certain significant
structural divergences. A wide range of trunk types has been purposely included,
and of them we may immediately eliminate from close comparison those with tall
and uniformly slender trunks and a few large leaves, such as the palms Hexo petion
mexicanum and Chamaedorea Tepejilote. These plants are in no way comparable to
the more massive trunks of Tem pskya. The stouter-trunked forms such as Phoenix
reclinata, and more especially P. dactilifera, present a closer structural comparison.
The frond/trunk relationship is, however, worth careful consideration. Two
specimens of P. dactilifera in our greenhouse measure about 12 and 14 feet high,
respectively (up to the crown of leaves), and these have diameters of 14 and 16
inches, respectively, including the very heavy armor of leaf bases, the latter ac-
counting for at least one-third of the trunk diameter. Of particular interest is
the base of the petiole which tapers from 4 inches (in its wide diameter) close to
the trunk to 1% inches through a distance of 12 inches. A generally similar or-
ganization prevails in the larger-leaved cycads, the basal portion of the petioles
being stoutly bulbous to support the weight of the leaf. In all cases we have
prepared the petiole/trunk ratio from measurements of the petiole out beyond this
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TABLE II

A COMPARISON OF CERTAIN MORPHOLOGICAL DATA IN LIVING PLANTS WITH
SPECIMENS OF T. WESSELII

E— —

Ratio of petiole | Number

Living plants diameter to trunk | of leaves Remarks
diameter in a crown -

Cycas micholtzii 1:13 15

C. circinalis 1:11 22

C. siamensis 149 40 |

C. revoluta 1:24 16

Dioon spinulosum 1:9 40

Encephalartos 1:10 12

altensteinii

Cibotium sp. 1:11

Phoenix reclinata 1:4 27 Very little taper to trunk, which is en-
closed in dense armor of leaf bases.

P. dactilifera 1:10 | 28 Trunk encased in very dense armor of
leaf bases.

Hexopetion mexicanum 1:4 10 No appreciable change in diameter through
its 10 feet of height.

Chamaedorea Tepejilote 1:3 4 Very slender clean trunk with little
change in diameter through its 8 feet.

T hrinax parviflora 1:2.5 15 Gently tapering trunk, clean below with

bulbous base 5” in diameter which tapers
to about 3" at departure of first leaf.

Caryota urens 1:2.5 5 Trunk ensheathed with closely appressed
leaf bases, uniformly tapering from 5”
at ground to 3" where first leaf is given

off at height of 6.

- — — —— - —— —

| |

Fossils

Tem pskya Wesselii

specimens

T18 1:30 |
133 1:63

T51 :

T90 1:39

- — W. —

great basal swelling. Turning to the Tempskyas, in specimen T33 the mean trunk
diameter is 170 mm. and the petiole diameter (taken immediately after the de-
parture of the petiole from a stem) is 2.7 mm., the petiole/trunk ratio being 1:63.
In comparison with a stout columnar cycad such as Cycas siamensis with a trunk
10 inches in diameter (including the leaf bases) and a height of 9 feet, with a
petiole 2 inches in diameter close to the base we have a corresponding ratio of 1:5,
or when the petiole diameter is taken out beyond the swollen base, a ratio of 1:9
as shown in the table.

The larger-leafed cycads and palms have, as might be expected, an exaggera-
tion of this enlargement of the petiole base to support the weight of the fronds.
The relative size of this bulbous base is noticeably smaller in the smaller-leafed
species.

Since there is no evidence to indicate that the petioles of a Tempskya increased
appreciably after their departure from the stem, they must have borne relatively
very small fronds. The actual diameters of the petioles in a number of trunks of
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T. Wesselii immediately after their departure from the stem varies from 1.5 to
2.75 mm. Dimensions of the petioles of cycads (taken immediately beyond the
swollen base) range between 8 and 25 mm., those of Cibotium sp., 13 mm., and
of the palms from 7 to 40 or more mm. Since these figures for the living plants
are taken beyond the bulbous base, and the trunk diameters include the leaf base
armor, the recorded divergence between their ratios and those of the Tempskyas
is an extremely conservative one.

The Stopes restoration is ingenious in that it allows for a considerable prolif-
eration of the leaf-bearing area. However, the actual terminal trunk specimens
do not suggest any such appearance. All the specimens of this nature that we
have observed, representative ones being shown in figs. 26 and 27, indicate a
rather bluntly tapered apex like that of a living cycad, fern, or palm. In view of
the generally good preservation of the Wayan Tempskyas, most of which show no
great wear due to transport either before or after fossilization, we should expect
to find some evidence of the stems or at least the rather massive stem aggregates
as shown in the Stopes restoration. Such evidence is quite lacking.

A point that we wish to make is that the apex of a Tempskya probably could
not have borne sufficient photosynthetic surface to have satisfied the requirements
of the plant.

From the evidence afforded by internal structure, one of the most striking
features of all Tempskya trunks (excluding the basal portions) lies in the fact
that in any transverse section free petioles are rarely found more than a few milli-
meters beyond the stem that bore them. In other words (as previous authors have
pointed out), the leaves were not persistent for any great length of time.

In order to arrive at a clearer understanding of the mode of lateral growth in
Tempskya we have: first, observed the stem-petiole-root organization in transverse
section in many trunk specimens, varying from approximately 2 to 10 inches in
diameter; and, second, followed the course of individual stems in single specimens
by means of serial sections. This latter procedure is considered in some detail in
the following paragraph.

Two specimens, each approximately 4 inches in diameter, were cut into a
series of thin slices in order to determine the extent of branching in the individual
stems, their destination, and the number of petioles that depart through a given
length. The branching of the stems proved to be so frequent that the slices had to
be taken between 4 and % inch apart in order to follow them with certainty.
With reference to stem branching, Read and Brown noted: “The writers at-
tempted to determine the distance between these successive bifurcations by cutting
a block several inches long into serial sections, but they found that this character
1s so variable that it has little value either for morphologic or for taxonomic con-
siderations.” (p. 110). While agreeing that the taxonomic value of stem branching

*Small specimens were selected for this purpose because of the extreme difficulty of cutting the
larger trunks. From a comparison of many specimens varying in size from 2 to 12 inches in

diameter there can be no doubt that the branching as described (based on specimens TS1 and T90)
1S representative.
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may be negligible we shall try to point out
that it is of the utmost significance in an
interpretation of the general habit and phys-
iology of the plant as a whole.

It is evident, even without making serial
sections, that branching of the stems is
very profuse, for in almost any single trans-
verse section of a complete trunk a consid-
erable number of stems may be seen to be
dividing. Taking more or less at random
complete transverse sections from ten dif-
ferent specimens an average of 45 per cent
of the stems was observed to be branching.
Thus the serial sections, upon which text-
fig. 3 is based, serve to confirm a three-
dimensional picture that might have been
prepared in a somewhat less exact fashion
from a single transverse section. The worth
of the peel method has proven an invaluable
aid in anatomical studies of this sort. We
have not relied upon it exclusively, but it
is the only feasible way in which one can
prepare ,complete sections, and often ex-
cellent ones, of trunks up to 10 and 12

inches in diameter.

Previous accounts of the stem branch-
ing in Tempskya have indicated it as being
dichotomous, and while this is predominant-
ly the case it 1s not always so. In some

specimens there may be appreciable vanation
in stem diameters as is shown in figs. 20,
21, and 22.

In order to present a three-dimensional
aspect of stem branching we have selected
several stems from specimen T90 which
have been followed through a distance of
4.5 cm. (text-fig. 4). The average distance
between successive divisions 1is approxi-
mately 1.5 cm. This abundant branching
activity must result, through any appre-
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Text-fig. 3. A diagrammatic drawing
of a transverse section of specimen T2
(peel 13) showing radial symmetry in the
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